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OBJECTIVES: To describe the epidemiological, virologi-
cal, and institutional characteristics of influenza-like illness
(ILI) in nursing homes (NHs).
DESIGN: Continuous clinical surveillance of ILI and viro-
logical surveillance of ILI and other acute respiratory
infections (ARIs) during four influenza seasons.
SETTING: National sentinel NH surveillance network.
PARTICIPANTS: National sentinel residents.
MEASUREMENTS: Weekly registration of ILI cases
(influenza seasons 2008/09–2009/10), influenza virus
detection (influenza seasons 2006/07–2009/10), and collec-
tion of institutional characteristics of NHs at start of
participation.
RESULTS: During the 2008/09 influenza season, ILI inci-
dence started to rise in Week 49 of 2008, peaked in Week
3 of 2009 (158 cases per 10,000 resident weeks), and flat-
tened out by Week 16 of 2009 (mean ILI incidence during
epidemic: 73 cases per 10,000 resident weeks). During the
2009/10 influenza pandemic, there was no epidemic peak.
Influenza virus type and subtype varied throughout viro-
logical surveillance but was limited to influenza A(H3N2)
and B viruses. Higher staff vaccination coverage (>15%)
was associated with lower ILI-incidence in the 2008/09
influenza season in a univariate negative binomial regres-
sion analysis (incidence rate ratio = 0.3, 95% confidence
interval = 0.1–0.8)).
CONCLUSION: Neither seasonal nor pandemic influenza
A(H1N1) viruses were detected in the network, despite
widespread community transmission of seasonal and influ-
enza A(H1N1) virus. ILI incidence trends corresponded to
virological trends. Sentinel surveillance of ILI combining
clinical and virological data in NHs increases understand-
ing of transmission risks in this specific vulnerable
population. J Am Geriatr Soc 59:2301–2305, 2011.
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Residents of long-term care facilities, particularly nursinghomes (NHs), are among the most vulnerable to influ-
enza because of the high prevalence of underlying chronic
illnesses,1 age-related immunosenescence,2–4 the closed envi-
ronment typical for this population, suboptimal antiviral
strategies,5 suboptimal vaccination responses,6 and trans-
mission of the virus through their caregivers.7,8 As a result,
influenza morbidity and mortality in NH residents is
substantial, and case-fatality rates often exceed 5%.9,10
Epidemiological and virological surveillance of influ-
enza-like illness (ILI) in the general Dutch population has
been operational since 1970 in a network of general prac-
titioners (GP network).11 This GP network collects clinical,
virological, and epidemiological data on ILI, among other
clinical diseases. GP-based surveillance excludes NHs,
for which elderly care physicians are responsible in the
Netherlands.
NH prevention and control guidelines on influenza are
often based on surveillance systems monitoring general
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populations,12,13 influenza outbreaks,14 or small and short
ILI surveillance initiatives.15Given the dynamics of the NH
population, influenza transmission may well differ from
and occur regardless of influenza activity in the general
community 16–18 or NH influenza outbreak status. Epide-
miological, clinical, and virological characteristics of ILI
trends need to be determined in the NH population, inde-
pendent of influenza outbreak status or general population
influenza activity, to help optimize NH strategies for
prevention and control of influenza.
Since 2006, in addition to a European network of
Healthcare-Associated Infections in European Long
Term Care Facilities (HALT),19 the Sentinel Surveillance
Network on Infectious diseases in nursing homes (SNIV) is
responsible for ILI surveillance. This study describes the
epidemiological, virological, and institutional characteris-
tics associated with ILI in Dutch NHs during four influ-
enza seasons (2006/07–2009/10). It includes three seasonal
epidemics and the A(H1N1) 2009/10 pandemic season.
METHODS
Setting
NHs were recruited through academic networks for train-
ing of elderly care physicians, through publications in
Dutch geriatric and infectious disease journals, and
through prior participation in a national study.20 NHs
were selected based on geographic distribution and size
(>50 beds). Feasibility of respiratory specimen collection
and accompanying clinical diagnostics was piloted from
January 2007 to December 2008. The network became
officially operational on January 1, 2009, with 18 partici-
pating NHs. It aimed to recruit 30 NHs in the surveillance
network.
Data Collection
An influenza season is typically defined as the period from
Week 40 of 1 year to Week 20 of the next year. The per-
iod between influenza seasons is defined as the interseason-
al period. During the 2009/10 pandemic season, influenza
surveillance continued according to official World Health
Organization guidelines to monitor the pandemic.21
Epidemiological surveillance of ILI was performed
from Week 40 of 2008 (n = 8 NHs) to Week 20 of 2010
(n = 25 NHs). In each NH, facility-based elderly care
physicians and nurse practitioners were instructed to
report ILI according to the following case definition: acute
or sudden (prodromal stage <4 days) onset of symptoms
with at least one systemic symptom (fever or febrile feel-
ing, malaise, headache, myalgia) and one respiratory symp-
tom (cough, sore throat, shortness of breath).12 Using a
Web-based registration tool, physicians registered the
number of residents meeting this ILI definition weekly, in
addition to outbreak status and antiviral medication use.
Virological surveillance was performed from Week 1
of 2007 (n = 8 NHs) to Week 20 of 2010 (n = 25 NHs)
and was organized similar to the GP sentinel surveillance
to ensure comparability.22 Elderly care physicians and
nurse practitioners were asked to take respiratory speci-
mens (a nose swab and a throat swab) from two ILI cases
per week or, when two cases did not present, from two
residents with other acute respiratory infections (ARIs)
and to send these to the Laboratory for Infectious Diseases
and Perinatal Screening at the Dutch National Institute for
Public Health and the Environment using standard sam-
pling packages. They were also asked to report on the
specimen form, clinical diagnosis, symptoms, antiviral
medication, and vaccination status. Respiratory specimens
were shipped at ambient temperature directly or with
1 day delay by regular mail to the Dutch National Insti-
tute for Public Health and the Environment according to
shipping protocol.
Respiratory specimens were analyzed identically
according to international validated (sub)typing reverse
transcriptase polymerase chain reaction protocols.23
Information on characteristics of 18 NHs was
collected at the start of each NH’s participation in the
network from January 1, 2009, using a questionnaire.
These facility-level data were not available for earlier years
of clinical and virological surveillance of ILI. The question-
naire included questions about, among others, the institu-
tion (number of beds, percentage of vaccine coverage of
residents and healthcare workers), wards (type, number of
residents, exchange of healthcare workers between wards),
and room characteristics (occupancy, toilet and shower
facilities).
Statistics
Weekly ILI incidence per 10,000 resident weeks was calcu-
lated as the number of residents with ILI divided by the
number of resident weeks times 10,000. In addition, the
number of reported ILI cases per week were calculated
after adjusting the weekly ILI incidence curve using a
3-week unweighted moving average.21 Resident numbers
were estimated using bed capacity per home because occu-
pancy was always close or equal to 100%.
Associations between five institutional characteristics
(healthcare worker vaccination coverage, NH size, health-
care worker exchange between wards, percentage of
residents living on psychogeriatric wards, percentage of
individual rooms) and ILI incidence were calculated using
uni- and multivariate analyses (adjusted for all institu-
tional characteristics documented) using negative binomial
regression for the 2008/09 influenza season. Cutoff values
for institutional characteristics were based on the mean
value of the characteristic or the dichotomous question
related to the characteristic. Statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc.,
Cary, NC).
RESULTS
Epidemiological Surveillance of ILI
Although no institutional influenza outbreaks were
reported in the network during the ILI surveillance period,
ILI was frequently diagnosed. In the 2008/09 influenza sea-
son, ILI incidence started to increase in Week 49 of 2008;
peaked in Week 3 of 2009, with 158 cases per 10,000 resi-
dent weeks; and leveled off by Week 16 of 2009. During
the 2009/10 pandemic influenza season, NH ILI incidence
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was consistently below 30 cases per 10,000 resident
weeks, despite widespread community transmission of
influenza A(H1N1) during that season 24 (Figures 1 and
2A and B).
Virological Surveillance of ILI
From Week 1 of 2007 until Week 20 of 2010, 25 of the
28 NHs took a total of 255 respiratory specimens from
residents diagnosed with ILI or ARI (range 1–42 speci-
mens). Overall adherence to virological surveillance was
56%. Adherence was calculated as the number of respira-
tory specimens sent in for virological surveillance divided
by the theoretical maximum number of respiratory speci-
mens that could have been sent in based on the study pro-
tocol. Residents from psychogeriatric and geriatric wards
were equally represented in this subset of 255 residents,
with 79% of residents being aged 75 and older. The most
common systemic and respiratory symptoms were malaise
(84%) and coughing (91%). No antiviral therapy or pro-
phylaxis was documented. Eighty-nine percent of residents
received seasonal influenza vaccination. There was a mean
2-day delay between onset of symptoms and laboratory
analysis. Of all respiratory specimens received, 12% were
positive for influenza virus type A or B. Prevalence of
influenza virus type and subtype varied between influenza
seasons. Influenza A(H3N2) and B viruses were detected
during influenza seasons 2006/07 (37 specimens), 2007/08
(82 specimens), and 2008/09 (81 specimens). No influenza
viruses were detected during the 2009/10 season (54 speci-
mens). No seasonal or pandemic influenza A(H1N1)
viruses were detected in any of the influenza seasons. The
increase and decrease in the number of influenza virus
detections corresponded to the ILI incidence dynamics
measured during the 2008/09 and 2009/10 influenza
seasons, respectively (Figures 1 and 2A and B).
Institutional Characteristics and Associations with ILI
Institutional data were available from 18 NHs (Table 1).
Univariate analysis, but not multivariate analysis, of NH
characteristics showed that NHs with vaccination coverage
of healthcare workers of 15% or greater (10 NHs) had a
statistically lower incidence of ILI during the 2008/09
influenza season (incidence rate ratio = 0.3, 95% confi-
dence interval = 0.1–0.8) than NHs with less than 15%
coverage (8 NHs). Resident vaccination coverage was not
included in the logistic regression analysis because there
was insufficient distinction in vaccination rates of residents
(mean vaccination coverage 91%, range 70–99%).
DISCUSSION
In contrast to the 2008/09 influenza season, ILI incidence
remained at low levels in NHs throughout the 2009/10
pandemic influenza season, despite widespread community
circulation of pandemic influenza A(H1N1) at that time.22
Virological surveillance corresponded with this observa-
tion, with the 2009/10 season characterized by a smaller
number of collected specimens than in three previous influ-
enza seasons, despite a higher number of participating
NHs. Influenza A(H1N1) viruses (seasonal or pandemic)
were not detected in any of the respiratory specimens col-
lected during virological surveillance. This was remarkable
because significant (co)circulation of seasonal influenza A
(H1N1) was detected in the general population during the
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Figure 1. Epidemiological sentinel surveillance of influenza-
like illness (ILI) in the Sentinel Surveillance Network on Infec-
tious diseases in nursing homes: weekly (gray) and 3-week
centered moving average (black) incidence of ILI per 10,000
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Figure 2. Virological sentinel surveillance of influenza-like ill-
ness (ILI) and acute respiratory infection (ARI) in the Sentinel
Surveillance Network on Infectious diseases in nursing homes:
weekly number of ILI and acute respiratory illnesses (ARIs)
per influenza virus type and subtype during the (A) 2006/07
and 2007/08 and (B) 2008/09 and 2009/10 (pandemic) influ-
enza seasons. Black: influenza A(H3N2) virus. Gray: influenza
B virus (2007/2008: Weeks 5, 7, 9, 15, and 17; 2008/2009:
Week 9). White: no influenza virus detected.
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data were not available for NHs during the 2006/07 and
2007/08 influenza seasons.
Although not entirely absent,25 the apparent limited
circulation and low resident attack rate of influenza A
(H1N1) in NHs is remarkable. It is unlikely that better
general hygiene management had played a role because
norovirus outbreaks were still frequently recorded in the
SNIV network during the pandemic season and are also
related to hygiene management.26 It is likely that residents
have had a certain degree of cross-protection from previ-
ous exposure to influenza A(H1N1), in particular the
strains circulating before 1957.27
Despite the fact that the characteristics analyzed were
NH based rather than resident based, a protective effect of
a high uptake of healthcare worker vaccination on lower
ILI incidence in NH residents was found. This is consistent
with previous data in larger settings,28,29 suggesting that
vaccination of healthcare workers might have direct or
indirect benefits for residents and healthcare workers, even
though influenza virus could only be confirmed in 12% of
the episodes. Current effectiveness of promotional cam-
paigns for vaccination of healthcare workers vary and sug-
gest marginal effects based on the low vaccination
coverage in the Netherlands and Europe (25%) and
that further research into more-effective campaigns is war-
ranted.30
There was only a short delay between onset of ILI and
ARI symptoms and laboratory analysis, indicating feasibil-
ity of virological surveillance. A limitation might be that,
although NHs were asked to send a respiratory specimen
of two ILI and ARI cases per week, this was not imple-
mented uniformly, with some NHs showing higher adher-
ence rates than others. The importance of virological
surveillance and the registration of ILI cases will continue
to be emphasized to the participating NHs. Despite this
possible limitation, major concerns about representative-
ness are likely to be unfounded. Epidemiological trends
corresponded with virological trends during the surveil-
lance period. Furthermore, other studies, although not per-
formed in NHs, reported absence of ILI in healthy older
adults during the pandemic.24
Specific epidemiological and virological trends of ILI
can be distinguished in the NH population. The integrated
virological and epidemiological surveillance system for ILI
should be the basis for NH prevention and control strate-
gies in addition to already successfully established (ILI)
surveillance systems in general populations 12,13 and influ-
enza outbreak surveillance 14 in NHs. These will provide
further insight into specific dynamics and interactions
between the NH population and general population.
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APPENDIX
Almere – Zorggroep Almere, Baarslag, F. Amsterdam Zui-
doost – Gaasperdam, Bolle-de Vries Robles, H. Assen –
Anholt, Scheper, H. Assen – Nieuw Graswijk, Scheper, H.
Barneveld – Norschoten loc. Klaverweide, Jansen-Reimer-
ink, Y.M.M. Barneveld – Norschoten loc. Kweekweg, Jansen-
Reimerink, Y.M.M. Capelle Aan den Ijssel – Rijckehove,
Essen, L. van den Helder – den Koogh, Vrij, P. de Devent-
er – St. Jozef Verpleeghuis, Douma, G. Dieren – Gelders
Hof, Pluymert, M. Echt – de Egthe, Beurskens, M. Etten-
Leur – het Anbarg, afd. Verpleging, Leen, M. van GOUDA
Part vs all residents – Bloemendaal, Boeren, R.M. Gouda –
de Riethoek, Boeren, R.M. Heeswijk Dinther – Cunera,
Verwer, T. Krimpen Aan den Ijssel – Zorgcentrum Crimp-
enerstein, Essen, L. van Lekkerkerk – de Breeje Hendrick,
Boeren, R. Maarssen – Zuwe Snavelenburg, Riet, L. van
Maastricht – La Valence, Castermans, R. Naarden – Na-
arderheem, Beckers, A. S. Gravenhage – Lozerhof, Bos, C.
S Gravenhage – Preva Verpleeghuis, Ficken, M. Sliedrecht –
Waerthove, Remmert, P. Veenendaal – de Meent, Sloesen,
P. Velp Gld – H.A. Lorentzhuis, Fodor, M. Velp Gld –
Oosterwolde, Fodor, M. Velp Gld – t Jagthuis,
Verpleeghuis, Fodor, M. Zevenaar – Verpleeghuis Ze-
venaar, Schaapsmeerders, F.H.M.
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